Characterization of the heme environmental structure of cytoglobin, a fourth globin in humans.
Cytoglobin (Cgb) represents a fourth member of the globin superfamily in mammals, but its function is unknown. Site-directed mutagenesis, in which six histidine residues were replaced with alanine, was carried out, and the results indicate that the imidazoles of His81 (E7) and His113 (F8) bind to the heme iron as axial ligands in the hexacoordinate and the low-spin state. The optical absorption, resonance Raman, and IR spectral results are consistent with this conclusion. The redox potential measurements revealed an E' of 20 mV (vs NHE) in the ferric/ferrous couple, indicating that the imidazole ligands of His81 and His113 are electronically neutral. On the basis of the nu(Fe-CO) and nu(C-O) values in the resonance Raman and infrared spectra of the ferrous-CO complexes of Cgb and its mutants, it was found that CO binds to the ferrous iron after the His81 imidazole is dissociated, and three conformers are present in the resultant CO coordination structure. Two are in closed conformations of the heme pocket, in which the bound CO ligand interacts with the dissociated His81 imidazole, while the third is in an open conformation. The nu(Fe-O2) in the resonance Raman spectra of oxy Cgb can be observed at 572 cm(-1), suggesting a polar heme environment. These structural properties of the heme pocket of Cgb are discussed with respect to its proposed in vivo oxygen storage function.